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Resumo 
Durante o período de trabalho do doutoramento foram sintetizados, caracterizados e 
aplicados sete nanosensores químicos baseados em QDs de zinco, silício e carbono, dos 
quais quatro conjugados com dendrímeros e outros três sem dendrímero. A aplicação 
destes nanosensores passou pela determinação quantitativa de metais pesados a 
compostos orgânicos, alguns deles com elevado impacto na saúde ambiental (em 
diferentes tipos de matrizes).  
O nanosensor de zinco dopado com manganês foi funcionalizado com o 
dendrímero PAMAM-OH de terceira geração (ZnS:Mn@PAMAM-OHG=3) resultando 
num nanocompósito fluorescente adequado para determinação seletiva e raciométrica 
do catião Cd
2+
 em solução aquosa. O ZnS:Mn@PAMAM-OHG=3 em termos de 
propriedades ópticas do nanosensor apresentava um rendimento quântico de 0.15 e duas 
bandas de emissão a 448 nm e a 595 nm. A resposta do sensor ao aumento da 
concentração de Cd
2+
, em diferentes tipos de amostras aquosas, dava-se através do 
aumento de fluorescência da banda de emissão a 448 nm e diminuição da banda a 595 
nm (I448/595). 
Os seguintes nanosensores sintetizados basearam-se em carbono (CQDs), onde 
se estudaram alguns dos parâmetros que influenciam a formação de nanopartículas de 
carbono fluorescentes, entre os quais o processo de carbonização, os agentes 
desidratantes e os diferentes percursores de carbono. 
Um dos primeiros a ser sintetizado foi os CQDs funcionalizados com ácido 
mercaptosuccínico (MSA), com a lactose em refluxo de ácido sulfúrico concentrado. A 
funcionalização dos CQDs com MSA (CQDs-MSA) aumentou significativamente tanto 
o comprimento de onda de emissão como o rendimento quântico, 472 nm e 0.46 
respetivamente. Em termos de aplicabilidade, mostrou elevada seletividade na deteção 
de catiões prata em dissoluções contendo nanopartículas de prata. 
Também se estudou o efeito da dopagem nos CQDs através da adição de uma 
solução aquosa de NH3 a uma solução de lactose, sem a necessidade de adicionar um 
ácido, por aquecimento hidrotermal. Os N-CQDs apresentaram um aumento do 
rendimento quântico (0.11) e uma diminuição do tamanho médio (7.7 nm), 
relativamente aos CQDs convencionais. O XPS e a espectroscopia RAMAM 
demonstraram o efeito da dopagem na formação dos CQDs, indicando a presença de 
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grupos amino e amido na superfície dos N-CQDs. A presença destes grupos permitiu 
que os N-CQDs se tornassem seletivos na determinação da piridina. 
No seguimento destas experiências, realizou-se a funcionalização dos CQDs 
com a vitamina B12. Este nanocompósito fluorescente apresenta duas bandas de emissão 
a 417 nm e a 550 nm conferindo a este nanosensor propriedades raciométricas devido ao 
efeito de transferência de energia de ressonância por fluorescência (FRET) entre os 
CQDs (doador) e a Vitamina B12 (aceitador). Este nanosensor raciométrico demonstrou 
elevada seletividade na determinação de um pesticida metabolito fenólico do 
carbofurano, o 3-cetofenolcarbofurano, tanto em solução como em amostras reais de 
molho de soja. 
Após estes trabalhos, procedeu-se a primeira funcionalização de CQDs com 
dendrímeros. Os CQDs foram sintetizados através do ácido fólico, o percursor de 
carbono, e o ácido fosfórico. A funcionalização ocorreu com a adição do dendrímero 
PAMAM-NH2. Os CQDs funcionalizados com o dendrímero PAMAM-NH2 levaram a 
uma diminuição do comprimento de onda de emissão (451 nm) e um aumento do 
rendimento quântico (0.27). Os ensaios demonstraram que a intensidade de 
fluorescência dos CQDs@PAMAM-NH2 na presença do ião cloroplatinato diminuía 
significativamente e seletivamente, mesmo quando testado em amostras de 
nanopartículas de platina em solução. 
Procedeu-se à segunda funcionalização de CQDs também com o dendrímero PAMAM-
NH2 mas utilizando como percursor de carbono o carvão ativado onde foi submetido a 
uma exfoliação química com ácidos e oxidantes fortes. Também neste caso observou-se 
um aumento do rendimento quântico (0.06) e a formação de agregados (65 nm). Os 
CQDs@PAMAM-NH2 demonstraram enorme seletividade para um dos constituintes 
dos explosivos, o 4-cloro-2,6-dinitroanilina. A sua elevada seletividade deve-se à 
particularidade do nanosensor de carbono responder à presença do analito através da 
diminuição desproporcional de duas bandas de emissão a 465 nm e 507 nm. O rácio de 
intensidades de emissão destas duas bandas torna os CQDs@PAMAM-NH2 um 
promissor nanosensor raciométrico na deteção seletiva do 4-cloro-2,6-dinitroanilina.  
O nanosensor de silício foi igualmente funcionalizado com o dendrímero 
PAMAM com grupos terminais hidroxilo da quinta geração (SiQDs@PAMAM-OHG=5). 
A síntese baseou-se num processo hidrotermal do APTES e do PAMAM-OH G=5, em 
solução aquosa. Os SiQDs@PAMAM-OHG=5 apresentavam um rendimento quântico de 
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0.15 e uma banda de emissão a 446 nm, demonstrando seletividade para o catião Cr
6+
 
em amostras reais colhidas em efluentes de indústrias eletroquímicas.  
De forma a avaliar a potencial utilização dos nanosensores de silício em componentes 
electroquímicos foram imobilizados SiQDs e SiQDs@PAMAM-OHG=5 numa 
membrana de celulose regenerada pelo método “dip coating”. A estabilidade termal e a 
condutividade das membranas foram otimizadas com a imobilização dos SiQDs, não se 
observando um melhoramento substancial das propriedades físicas com a presença do 
dendrímero PAMAM-OHG=5. Em ambos os nanosensores de silício observou-se que as 
características optoelectrónicas eram favorecidas em meio seco em vez de um meio 
aquoso. 
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Abstract 
During the period of the PhD work were synthesized, characterized and applied seven 
chemical nanosensors based on QDs of zinc, silicon and carbon, of which four were 
conjugated with dendrimers and three without dendrimer. The application of these 
nanosensors aimed the quantitative determination of heavy metals to organic 
compounds, some with high impact on environmental health (in different matrices). 
The manganese-doped zinc nanosensor was functionalized with the dendrimer 
PAMAM-OH of third generation (ZnS:Mn@PAMAM-OHG=3) resulting in a fluorescent 
nanocomposite suitable for the selective and ratiometric determination of Cd
2+
 cation in 
aqueous solution. The ZnS:Mn@PAMAM-OHG=3 nanosensor presents in terms of 
optical properties a quantum yield of 0.15, and two emission bands at 448 nm and 595 
nm. The response of the nanosensor to the increasing concentration of Cd
2+
, in different 
types of aqueous samples, was observed by an increasing of the fluorescence emission 
band at 448 nm and the decreasing at 595 nm (I448/595). 
The next nanosensors synthesized were based on carbon (CQDs), concomitantly was 
studied some parameters that influence the formation of fluorescent carbon 
nanoparticles, including the carbonization process, the dehydrating agents and various 
carbon precursors. 
The firstly CQDs synthesized was functionalized with mercaptosuccinic acid, with the 
lactose refluxed in concentrated sulfuric acid. The functionalization of the CQDs with 
MSA (CQDs-MSA) increased significantly the wavelength emission and the quantum 
yield, 472 nm and 0.46 respectively. Concerning to the application, they showed high 
selectivity in the sensing of silver cations dissolutions containing silver nanoparticles. 
Was also studied the effect of doping on CQDs by the addition of NH3 aqueous solution 
to a lactose solution, without the need to add an acid, by hydrothermal heating. The N-
CQDs showed an increasing in the quantum yield (0.11) and a decreasing in the average 
size (7.7 nm), comparatively to raw CQDs. The XPS and Raman spectroscopy showed 
the effect of doping in the CQDs formation, indicating the presence of amino and amido 
groups on the surface of the N-CQDs. The presence of these groups enabled N-CQDs to 
be selective in the determination of pyridine. 
Following these experiments, the functionalization of CQDs with vitamin B12 was done. 
This fluorescent nanocomposite shows two emission bands at 417 nm and 550 nm 
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giving to this nanosensor a ratiometric property due to the fluorescence resonance 
energy transfer (FRET) effect between the CQDs (donor) and Vitamin B12 (acceptor). 
This ratiometric nanosensor demonstrated high selectivity in the determination of a 
pesticide phenolic metabolite of carbofuran, the carbofuran phenol 3-Keto, both in 
solution and in real samples of soy sauce. 
After this work, was performed the first functionalization of CQDs with dendrimers. 
The CQDs were synthesized using folic acid, the carbon precursor, and the phosphoric 
acid. The functionalization occurred with the addition of PAMAM-NH2 dendrimer. The 
CDs functionalized with PAMAM-NH2 dendrimer led to a decrease of the wavelength 
emission (451 nm) and an increase in the quantum yield (0.27). The tests showed that 
the fluorescence intensity of CQDs@PAMAM-NH2 in the presence chloroplatinate ion 
decreased significantly and selectively, even when tested on samples containing 
platinum nanoparticles in solution. 
Was proceeded the second functionalization of CQDs also with PAMAM-NH2 
dendrimer, using activated carbon as carbon precursor, which was subjected to a 
chemical exfoliation with strong acids and oxidants. Also in this case it was observed an 
increase in the quantum yield (0.06) and the formation of aggregates (65 nm). CQDs@ 
PAMAM-NH2 showed great selectivity for one of the explosives components, the 4-
chloro-2,6-dinitroaniline. The high selectivity of the carbon nanosensor is related to the 
particular response, in the presence of the analyte, through the unequal decreasing of 
two emission bands at 465 nm and 507 nm. The emission intensity ratio of these two 
bands makes CQDs@PAMAM-NH2 a promising ratiometric nanosensor in the selective 
detection of 4-chloro-2,6-dinitroaniline. 
The silicon nanosensor was also functionalized with a PAMAM dendrimer with 
hydroxyl end groups of the fifth generation (SiQDs@PAMAM-OHG=5). The synthesis is 
based on a hydrothermal process of the APTES and PAMAM-OH in aqueous solution. 
The SiQDs@PAMAM-OHG=5 had a quantum yield of 0.15 and a band emission at 446 
nm, showing selectivity for Cr
6+
 cation in real samples collected in wastewaters of 
electrochemical industries. 
In order to evaluate the potential use of silicon nanosensors for electrochemical devices 
were immobilized SiQDs and SiQDs@PAMAM-OHG=5 in a regenerated cellulose 
membrane by dip coating. The thermal stability and conductivity of membranes were 
optimized with the immobilization of SiQDs, was not observed a substantial 
improvement of the physical properties in the presence of PAMAM-OHG=5 dendrimer. 
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In both silicon nanosensors was observed that the optoelectronic characteristics were 
favored in a dry medium instead of an aqueous medium. 
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Preface 
 
The nanochemistry opened a new branch with the discovery of QDs [1]. QDs are 
nanoparticles of a semiconducting material with 1-12 nm in diameter. Due to the 
confinement effects, they possess distinctive emitting properties that are being proved 
as allied tools for labeling biological systems and for the basis of chemical/biochemical 
sensors [2]. Compared with organic fluorophores, QDs presents considerable 
advantages as emission tunability, narrow half width wavelength (20-40 nm), broad 
excitation bands, resistant to photobleaching, blinkness, up and downconversion and 
improved brightness [3]. Our research group has synthesized several QDs based on 
cadmium, proving that they are an interesting fluorescent platform for immobilization 
of molecules, such as dendrimers and cyclodextrins, which conferred sensing properties 
to different analytes. However, the use of cadmium as sensors opened a new discussion 
in the sensing field due to the inherent toxicity problems associated to cadmium in the 
human body, otherwise the demanding of research in nontoxic biocompatible 
nanoparticles increased [4]. For that the synthesis of QDs focused on low toxic QDs 
with elements such as zinc, silicon and carbon. They can be functionalized [5] by 
chemical modification of their surface, resulting a hybrid organic/inorganic 
nanocomposite. Dendrimers are artificial polymers [6], with star-shaped highly 
branched macromolecules with a well defined composition and monodispersity which 
results in multitude of physical properties [7]. Moreover, dendrimers are a particularly 
interesting class of emerging nano-pharmaceuticals [5, 8]. The conjugation of QDs 
coated with dendrimers has demonstrated remarkable and attractive optoelectronic 
characteristics specially suited to analytical [9-14] and bio-analytical [15, 16] 
applications. Depending of the terminal groups on the edge sites of dendrimers, the 
QDs-dendrimers nanocomposites could presents an improved biocompatibility and 
biostablility which renders them important roles in biomedical and bio/chemical sensing 
[17, 18]. In this context, the conjugation of QDs-dendrimers structures is considered an 
interesting innovation by providing new fluorescent nanomaterials dendrimer based, 
with a huge potential in the development of fluorescent probes to act as luminescent 
markers [19].  
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Goals Proposed 
 
In general, the PhD project was planned to be focused on the synthesis, characterization 
and application of fluorescent nanoparticles:  
I. Synthesis of novel fluorescent chemical nanosensors based on QDs 
cadmium free (ZnS:Mn, Silicon and Carbon dots) functionalized with 
organic molecules such as Dendrimers, MSA and Vitamin B12. Achieving 
highly soluble and less toxic systems for analytical purposes.  
II. Characterization of the synthesized sensors by TEM, SEM, EDS, XPS, 
AFM, XRD, DLS, FTIR, UV-VIS, Electrochemical, Spectrofluorimetry, 
Spectral deconvolution, MCR-ALS, PARAFAC and Lifetime. 
III. Application of the sensors by selective determination of organic molecules 
and inorganic metal ions known by their harmful characteristics to the 
environment and healthcare, collected in real samples.  
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Thesis Layout 
 
The framework of this thesis was elaborated by a compilation of papers published 
throughout the four years of PhD. The work done resulted in one book chapter and eight 
scientific articles published in international scientific journals with peer review system. 
Which published paper is designed by a chapter. Wherefore the thesis layout is ordered 
as follow:   
Chapter 1 is the Introduction of this thesis, with highlights up to nanocomposites made 
of dendrimers and quantum dots. This chapter is a kind of review with emphasis to 
some works which were performed during my master degree. The nanocomposites 
referred in this chapter are mainly composed by inorganic quantum dots of Cadmium 
and Zinc. This chapter was published in the book Dendrimers: Synthesis, Applications 
and Role in Nanotechnology by Nova Science Publishers with the reference Chapter 9, 
2013, pages 215-228.    
Chapter 2 is the paper concerned to a PAMAM-OH dendrimer and a doped QD made 
of zinc and manganese. Following a synthesis strategy towards to a less toxic QD, the 
zinc doped QD was the first to be synthesized and the application was pointed to Cd(II) 
sensing. This paper was published in Talanta (4.16 impact factor) with the reference 
Vol. 135, 2015, pages 317-324. 
Chapter 3 is the article related to CQDs functionalized with MSA. Was the first CQD 
to be synthesized and were tested various passivating agents, except dendrimers. The 
enhancement obtained by the functionalization of CQDs by MSA originated 
nanocomposites available to sensing silver nanoparticles. This paper was published in 
Journal of Materials Chemistry A (8.87 impact factor) with the reference Vol. 2, 2014, 
pages 8342-8351. 
Chapter 4 is the work concerned to CQDs doped with nitrogen. Was studied the 
formation of fluorescent nanoparticles in a basic mild, instead of the ordinary acidic 
mild. The N-CQDs synthesized showed selectivity in the determination of benzene 
homologous, the pyridine. This paper was published in Journal of Colloid and Interface 
Science (3.91 impact factor) with the reference Vol. 458, 2015, pages 209-216. 
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Chapter 5 is the article related to CQDs functionalized with Vitamin B12. Were the first 
CQDs synthesized with ratiometric properties attributed to the FRET phenomenon 
between CQDs and Vitamin B12. Even the application was oriented to the sensing of 
harmful pesticides, belonging to the family of metabolites carbofuran. This ratiometric 
nanosensor showed high selectivity to carbofuran phenol 3-Keto. This paper was 
published in Sensors and Actuators B (5.08 impact factor) with the reference Vol. 239, 
2017, pages 553–561.      
Chapter 6 is the first paper of CQDs functionalized with dendrimers, the PAMAM-
NH2. Using a Vitamin B9, the acid folic, as the carbon precursor because the existence 
of amino groups in the acid folic structure. A similar strategy to the previous chapter but 
in this case the nitrogen elements are present in the carbon precursor. The addition of 
PAMAM-NH2 rendered the fluorescent nanocomposites available for sensing 
chloroplatinate ions. This paper was published in Journal of Colloid and Interface 
Science (3.91 impact factor) with the reference Vol. 465, 2016, pages 165-173. 
Chapter 7 is the second paper with functionalization of CQDs also with PAMAM-NH2 
dendrimer. The carbon precursor used was the activated carbon and for the formation of 
fluorescent nanoparticles were needed to submit the activated carbon to extreme acidic 
and oxidation conditions. The fluorescent nanocomposites synthesized allowed the 
selective sensing of 4- chloro-2,6-dinitroaniline, an explosive component. This paper 
was published in Carbon (5.89 impact factor) with the reference Vol. 106, 2016, pages 
171-178. 
Chapter 8 is the work related to QDs of silicon also functionalized with a PAMAM-
OH dendrimer. Was the first attempt to synthesize QDs different from the conventional 
inorganic QDs. The results were optically satisfactory and the application is 
environmentally interesting due to the sensing of an hazard pollutant, the Cr(VI). This 
paper was published in Talanta (4.16 impact factor) with the reference Vol. 144, 2015, 
pages 862-867. 
Chapter 9 is the paper where SiQDs and SiQDs@PAMAM-OHG=5 synthesized in the 
above work were immobilized into a regenerated cellulose membrane, trying to give a 
more practical use of the fluorescent nanoparticles, potentially for electrochemical 
devices. This paper was published in Carbohydrates Polymers (4.31 impact factor) with 
the reference Vol. 151, 2016, pages 939-946.    
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Dendrimers Quantum Dots 
Nanocomposites for Chemical Sensing 
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1.1 Contribution to this Paper 
My contribution to this paper included the bibliographic research and writing of 
contents related with the dendrimers, QDs and the dendrimers:QDs nanocomposites, in 
order to scaffold the state of the art. This paper was submitted as a book chapter and 
until the acceptation it passes through some adjustments required by the reviewers and 
under supervision of my advisor Professor Joaquim Esteves da Silva and co-advisor 
Doutor Manuel Algarra.  
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Chapter 2 
 
 
ZnS:Mn Nanoparticles Functionalized 
by PAMAM-OH Dendrimer based 
Fluorescence Ratiometric Probe for 
Cadmium 
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2.1 Contribution to this Paper 
 
My contribution to this paper started with the bibliographic research and writing about 
zinc QDs, dendrimers and then the experimental planning. The synthesis, purification 
and functionalization with dendrimers were performed, even all the complementary 
studies including the effect of some parameters such as pH, ionic strength and the 
tolerance to some ions on the excitation/emission matrix. The data obtained by the 
characterization methods was analyzed and interpreted. The determination of analytical 
parameters and the application to real samples was also performed by collecting real 
samples in situ and assayed with the fluorescent nanosensor. This paper was submitted 
as a scientific article and until the acceptation it passes through some adjustments 
required by the reviewers and under supervision of my advisor Professor Joaquim 
Esteves da Silva and co-advisor Doutor Manuel Algarra.   
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Chapter 3 
 
 
Luminescent carbon nanoparticles: 
effects of chemical functionalization, 
and evaluation of Ag
+
 sensing properties 
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3.1 Contribution to this Paper 
 
My contribution to this paper included the bibliographic research and writing about 
carbon QDs, passivating agents and then the experimental planning. The synthesis, 
purification and functionalization with passivating agents were performed, even all the 
complementary studies including the effect of some parameters such as pH, ionic 
strength and the tolerance to some ions on the excitation/emission matrix. The data 
obtained by the characterization methods was analyzed and interpreted. The 
determination of analytical parameters and the application to silver nanoparticles 
dissolution was also performed and assayed with the fluorescent nanosensor. This paper 
was submitted as a scientific article and until the acceptation it passes through some 
adjustments required by the reviewers and under supervision of my advisor Professor 
Joaquim Esteves da Silva and co-advisor Doutor Manuel Algarra.   
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Chapter 4 
 
 
Fluorescent Chemosensor for Pyridine 
Based on N-Doped Carbon Dots 
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4.1 Contribution to this Paper 
 
My contribution to this paper included the bibliographic research and writing about 
carbon QDs, doping agents and then the experimental planning. The synthesis, 
purification and doping were performed, including the effect of pH on the 
excitation/emission matrix. The data obtained by the characterization methods and 
thermal analysis was analyzed and interpreted. The determination of analytical 
parameters and the sensing of pyridine was also performed and assayed with the 
fluorescent nanosensor. This paper was submitted as a scientific article and until the 
acceptation it passes through some adjustments required by the reviewers and under 
supervision of my advisor Professor Joaquim Esteves da Silva and co-advisor Doutor 
Manuel Algarra.   
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Chapter 5 
 
Carbon Dots Coated with Vitamin B12 
as Selective Ratiometric Nanosensor for 
Phenolic Carbofuran 
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5.1 Contribution to this Paper 
 
My contribution to this paper included the bibliographic research and writing about 
carbon QDs, FRET phenomenon and then the experimental planning. The synthesis, 
purification and functionalization with Vitamin B12 were performed, even all the 
complementary studies including the influence of  carbon source, dehydrating agents, 
temperature and time of reaction and the tolerance to some metabolites carbofuran on 
the excitation/emission matrix. The data obtained by the characterization methods was 
analyzed and interpreted. The determination of analytical parameters and the sensing of 
carbofuran phenol 3-Keto in solution and real samples, as soy sauce, were also 
performed and assayed with the fluorescent nanosensor. This paper was submitted as a 
scientific article and until the acceptation it passes through some adjustments required 
by the reviewers and under supervision of my advisor Professor Joaquim Esteves da 
Silva and co-advisor Doutor Manuel Algarra.   
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Chapter 6 
 
Carbon Dots on Based Folic Acid 
Coated with PAMAM Dendrimer as 
Platform for Pt(IV) detection 
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6.1 Contribution to this Paper 
 
My contribution to this paper included the bibliographic research and writing about 
carbon QDs, dendrimers and then the experimental planning. The synthesis, purification 
and functionalization with dendrimers were performed, even all the complementary 
studies including the effect of some parameters such as pH, ionic strength and the 
tolerance to some ions on the excitation/emission matrix. The data obtained by the 
characterization methods was analyzed and interpreted. The determination of analytical 
parameters and the sensing of chloroplatinate ions in platinum nanoparticles 
dissolutions was also performed and assayed with the fluorescent nanosensor. This 
paper was submitted as a scientific article and until the acceptation it passes through 
some adjustments required by the reviewers and under supervision of my advisor 
Professor Joaquim Esteves da Silva and co-advisor Doutor Manuel Algarra.   
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Chapter 7 
 
 
Carbon Dots as Fluorescent Sensor for 
Detection of Explosive Nitrocompounds 
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7.1 Contribution to this Paper 
 
My contribution to this paper included the bibliographic research and writing about 
carbon QDs, dendrimers and then the experimental planning. The synthesis, purification 
and functionalization with dendrimers were performed, even all the complementary 
studies including the effect of some parameters such as pH, ionic strength and the 
tolerance to explosive nitrocompounds on the excitation/emission matrix. The data 
obtained by the characterization methods was analyzed and interpreted. The 
determination of analytical parameters and the application to 4-chloro-2,6-dinitroaniline 
was also performed and assayed with the fluorescent nanosensor. This paper was 
submitted as a scientific article and until the acceptation it passes through some 
adjustments required by the reviewers and under supervision of my advisor Professor 
Joaquim Esteves da Silva and co-advisor Doutor Manuel Algarra.   
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Chapter 8 
 
 
Fluorescent Sensor for Cr(VI) Based in 
Functionalized Silicon Quantum Dots 
with Dendrimers 
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8.1 Contribution to this Paper 
 
My contribution to this paper included the bibliographic research and writing about 
silicon QDs, dendrimers and then the experimental planning. The synthesis, purification 
and functionalization with dendrimers were performed, even all the complementary 
studies including the effect of some parameters such as pH, ionic strength and the 
tolerance to some ions on the excitation/emission matrix. The data obtained by the 
characterization methods was analyzed and interpreted. The determination of analytical 
parameters and the application to real samples was also performed by collecting real 
samples in situ and assayed with the fluorescent nanosensor. This paper was submitted 
as a scientific article and until the acceptation it passes through some adjustments 
required by the reviewers and under supervision of my advisor Professor Joaquim 
Esteves da Silva and co-advisor Doutor Manuel Algarra.   
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Chapter 9 
 
 
Characterization of cellulose 
membranes modified with luminescent 
silicon quantum dots nanoparticles 
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9.1 Contribution to this Paper 
 
My contribution to this paper started with the bibliographic research and writing about 
immobilization of QDs on cellulose membranes and then the experimental planning. 
The synthesis, purification and functionalization with dendrimers were performed and 
sent to specialized group on Electrokinetic Characterization about Membranes and 
Interphases at Faculty of Sciences of Málaga University, which conducted the 
immobilization studies and the complementary assays such as thermal and optic 
analysis and impedance spectroscopy. The data obtained by the characterization 
methods was analyzed and interpreted. This paper was submitted as a scientific article 
and until the acceptation it passes through some adjustments required by the reviewers 
and under supervision of my advisor Professor Joaquim Esteves da Silva and co-advisor 
Doutor Manuel Algarra.   
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Conclusions and Future Perspectives 
 
The main goal of this thesis was the synthesis of fluorescent nanosensors without the 
classical QDs made of cadmium. This proposal was successfully achieved resulting in 
nanosensors made of Zn, Si and C. Other concerning issue which influences the 
bandgap emission and the selectivity of the nanosensor is the funcionalization. In spite 
of the title of the thesis contemplated the use of dendrimers, were used other organic 
molecules which presented interesting results. The quantum yield and the selectivity are 
parameters which were taking account in the framework of the experiments, as the 
examples of the works were was used different raw materials, different heating process, 
different dehydrating agents, doping agents and different passivation molecules. 
Resulting in optimized nanosensors with unique optical properties, exhibiting 
ratiometric bands and FRET phenomenon. These optimal conditions allowed the 
application of the nanosensors in real samples with excellent analytical results in the 
sensing of a wide range of molecules and atoms with harmful characteristics to human 
health and environment. The quality of the work done is reflected in the articles 
published in journals of high impact. 
Assessing briefly each work, the novelty of ZnS:Mn@PAMAM-OHG=3 fluorescent 
nanocomposite is based on the ratiometric response by the quenching of blue shift band 
and enhancing of red shift band in the presence of Cd
2+
 in water, which differed from 
the response of separately raw bands, and the reproducibility of the nanosensor was also 
founded on real water samples.  
The fluorescent nanosensors based on carbon were focused on the synthesis of CQDs 
and the funcionalization with dendrimers and other molecules. Concerning to CQDs-
MSA, this fluorescent nanocomposite presented the highest fluorescence intensity 
among the other CDs-ligands, and showed a pronounced quenching of the emission 
signal in the presence of Ag
+
, suggesting a formation of a complex between the soft 
bases of thiol groups on the flourophore surface and the soft acid Ag
+
.  
The synthesis of CQDs doped with nitrogen under a basic mild, increased the QY 
comparing to un-doped CQDs. N-CQDs showed also sensitivity towards to pyridine in 
aqueous solutions by the enhancing of the fluorescent emission band proportionally to 
the pyridine concentration, suggesting an energy transfer process by the formation of a 
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complex based on the electrostactic attraction between the electronegative groups on the 
surface of N-CQDs and the positively charged pyridine.  
The functionalization of CQDs with Vitamin B12 resulted on a fluorescent nanosensor 
with ratiometric properties based on a FRET phenomenon, because the negatively 
charged CQDs which transfer the excitons to the positively cobalt complexed in the 
center of VB12, promoting the appearance of 550 nm band. This ratiometric FRET-
based nanosensor proved to be selective in the determination of CBFP pesticide even in 
solution and in real samples of soy sauce. The ratiometric response of this nanosensor is 
an advantage over others one band CQDs due to high selectivity and low interference of 
scattered light and energy fluctuation.  
The previous functionalization of CQDs with PAMAM-NH2 dendrimer increased on the 
surface the amine groups resulting in a blue shift emission and a fluorescence 
enhancement. The functionalization of the acid folic CQDs with a positively charged 
dendrimer raised the selectivity of the nanosensor in the sensing of chloroplatinate ions 
because it high negative charge.  
Taking advantage of the studies previously done, was synthesized CQDs from activated 
carbon by chemical exfoliation and functionalized with PAMAM-NH2. Once again, the 
addition of PAMAM-NH2 leaded to a fluorescence enhancement and a blue shift 
emission. The particularity of this fluorescent nanocomposite is regarding to the 
selective ratiometric response in the determination of 4C-2,6DNA and the formation of 
a Meisenheimer complex, supported by the quenching profile which showed a 
formation of a complex.    
The addition of PAMAM-OHG=5 to SiQDs enhanced considerably the fluorescence 
signal as well as the recovery response in the detection of Cr(VI). In fact, the addition of 
PAMAM-OHG=5 dendrimer caused a nitrogen enrichment and an increasing of negative 
dipoles attributed to amide and hydroxyl groups influencing the fluorescence intensity 
and the sensitivity, respectively. The reproducibility of the nanosensor was also proved 
to real electrochemical wastewater, certified materials and tanning effluent sample and 
after submitted to an inclusion in the structure of a regenerated cellulose support 
membrane by dip coating. Contrary of previous results, the bare inclusion of SiQDs 
showed better results comparing with SiQDs-PAMAM-OH in terms of conductivity and 
thermal stability of the membranes, in dry conditions. In aqueous solutions, the water 
uptake of the membrane is improved by SiQDs-PAMAM-OH due to the negatively 
charged dipoles originated by the amide and hydroxyl groups at the surface. These 
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results corroborates with the premise to manufacture a biocompatible membrane 
including the SiQDs-PAMAM-OH nanocomposite to detect in water samples the 
presence of Cr(VI). 
In a general way, can be concluded that the bandgap emission of the QDs can be tuned 
taking account the functional groups presented in the carbon source, the dehydrating 
agent and the passivation molecules, including as well the heating process. The 
dendrimers showed a high functionality and interference also in the bandgap emission 
of the QDs and in the selective sensing of molecules and/or atoms. Presenting a 
disadvantage of the final production cost of the nanosensor which increases with the use 
of dendrimers, because they are a bit expensive in relation to the others passivation 
molecules used in this thesis. Besides, the inherent cytotoxicity to the positive surface 
dendrimers, as the PAMAM-NH2. The future works should include the cytotoxicity 
studies of the fluorescent nanocomposites made and extend the inclusion of these 
nanocomposites on membranes in order to give a real application to real samples.  
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Errata 
 
Page 26, Figure 1: generation 4
th
 instead of generation 5
th
  
Page 38, Column 1, Line 21: Erase and MAA 
Page 38, Column 2, Line 23: confirm instead of conform 
Page 39, Column 2, Line 58:  
instead of  
Page 4, Table 2: 2.25x10
-4
 M instead of 2.25x10
-7
 M 
Page 49, Figure SI5: wavenumber (cm
-1
) instead of wavelength (nm) 
Page 53, Figure SI11: Add at 595 nm (λem) 
Page 60, Figure 1: lactose instead of sacarose 
Page 61, Column 2, Line 4: CDs-MSA instead of CDs 
Page 62, Figure 4: (A) Fluorescence spectra of raw CDs (black); functionalized with 
MSA (red). (B) Influence of passivating agents in the CDs emission. (C) Emission 
spectra of CDs-MSA complexed with Ag
+
 instead of (A) Fluorescence spectra of raw 
CDs (black); functionalized with MSA (blue), MAA (brown) and MPA (red). (B) 
Influence of MSA concentration: (a) 0; (b) 0.02 M; (c) 0.05 M, (d) 0.01 M; (e) 0.2 M; 
(f) 0.4 M and (g) 0.6 M 
 
Page 63, Column 2, Line 15: CDs instead of QDs 
Page 64, Figure 7: Add (C) Modified Stern-Volmer representation of CDs-MSA 
complexed with Ag
+
 
Page 66, Column 1, Line 4: Fig. SI7A and B instead of Fig. S7A and B 
Page 70, Figure SI.5: Add Graphic representation of lifetime decays corresponding 
to CDs-MSA@Ag
+
 with different concentrations of Ag
+
 
Page 73, Figure SI.7: Add Emission spectra presenting the influence on the 
fluorescence intensity with the increasing of the Ag
+
 concentrations in the (B) 
presence and in the (A) absence of AgNPs  
Page 74: Add Fig. SI.8 
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Page 78, Column 2, Line 38: H2O instead of H2O2 
Page 81, Figure 5: (B) TG and (A) DSC curves instead of (A) TG and (B) DSC curves 
Page 80, Column 2, Line 17: 0.48% and 3.85% instead of 3.85% and 0.48% 
Page 82, Column 1, Line 2: biexponential instead of mono-exponential  
Page 82, Figure 8: (a) Initial taken as reference (0h); (b) 3h; (c) 3 days and (d) 5 
days instead of (a) 5 days; (b) 3 days; (c) 3h and (d) Initial taken as reference (0h). 
Page 91, Abstract, Line 8: linearly increased instead of linearly decreased 
Page 92, Column 2, Line 26: Ethyl Acetate instead of Acetonitrile  
Page 92, Equation (1): 𝑹𝒂𝒕𝒊𝒐 =  
(
𝑰𝟒𝟏𝟕
𝑰𝟓𝟓𝟎
)𝑪𝑸𝑫𝒔@𝑽𝒊𝒕𝑩𝟏𝟐:𝑪𝑩𝑭𝑷−𝑰𝒏𝒕𝒆𝒓𝒇𝒆𝒓𝒆𝒏𝒄𝒆
(
𝑰𝟒𝟏𝟕
𝑰𝟓𝟓𝟎
)𝑪𝑸𝑫𝒔@𝑽𝒊𝒕𝑩𝟏𝟐:𝑪𝑩𝑭𝑷
 instead of 
 
Page 93, Column 1, Line 37: The efficiency (1-(τCQDs@VB12/ τCQDs)x100) of FRET 
process calculated using mean lifetime decays data is 48% instead of The efficiency 
(ϕCQDs@VB12/ϕCQDs) of the FRET process calculated using steady state fluorescence data 
is 61% 
Page 95, Figure 2: ATR-FTIR spectra of raw CQDs instead of ATR-FTIR spectra of 
the obtained CQDs@VB12after purification in ethyl acetate, compared with the raw 
CQDs 
Page 96, Table 2: CBFK instead of CBFP 
Page 97, Column 1, Line 10: Erase Table 3 
Page 112, Figure 7: I0/I=8381[(PtCl6)
2-
]+0.9664 instead of I0/I=11333[(PtCl6)
2-
]+0.9664 
Page 113, Column 1, Line 2: 2.2 μM instead of 2.2 mM 
Page 116: Carbon dots on based folic acid coated with PAMAM dendrimer as 
platform for Pt(IV) detection instead of P-doped Carbon Dots Funcionalized with 
PAMAM Dendrimer for Pt (IV) Detection. 
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Page 116, Figure ESI 1: PAMAM-NH2 dendrimer (B) instead of PAMAM-NH2 
dendrimer 
Page 123, Column 2, Line 56: Erase Rhodamine 
Page 123, Column 1, Line 16: top-down instead of bottom-up. 
Page 125, Column 1, Line 42: of the C and N instead of of in the C and N 
Page 125, Column 2, Line 1: non radiative instead of radiative 
Page 127, Figure 6.A: CQDs@PAMAM-NH2 instead of GQDs@PAMAM-NH2.  
Page 130: Figure S2A instead of Figure S3A 
Page 131: Figure S2B instead of Figure S3B 
Page 132, Figure S4: Erase and 
Figure 132, Figure S3: %Transmittance instead of %Reflectance 
Page 139, Figure 3: Add (C) Si 2p 
Page 138, Figure 1: SiQDs instead of SiQDs@PAMAM-OH  
Page 141, Table 2: 99.51 instead of 9951  
Page 141, Column 1, Line 6: 2688.4 M
-1
 instead of 2981.8 M
-1
 
Page 141, Column 1, Line 8: 56% instead of 63% 
Page 141, Column 1, Line 12: 2.03 µM instead of 0.20 µM 
Page 148, Column, 1 Line 48: SU=[(Ww-Wd)/Wd)]x100 instead of SU=[(Ww-
Wd)/Ww)]x100 
Page 149, Figure 2: 100000 instead of 60000 
Page 150, Column 1, Line 24: endothermic instead of exothermic 
Page 151, Column 2, Line 8: immersion instead of dip coating 
Page 152, Table 4: permittivity instead of constant 
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Page 152, Column 1, Line 33: permittivity instead of constant 
Page 152, Column 2, Line 4: permittivity instead of constant 
Page 153, Figure 8, Y Axis: ΔΦmbr (mV) instead of ambr (mV). 
Page 153, Figure 6, X Axis: ln(Cv/Cc) instead of ln(Cv/C)c 
Page 153, Column 2, Line 18: immersion instead of dip coating  
 
 
